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Goal D6 Demonstrate high temperature reactor process heat applications 

Criterion D6.1 Demonstrate integration with various energy conversion systems or process heat for 
industrial applications 

Rationale: A measure of how well the proposed system can integrate with other energy 
conversion systems or industrial applications with minimal change to the 
demonstration concept. This is based on the actual design and not the potential of 
the technology. 

Metric D6.1.1 Number of energy conversion systems or industrial applications 

Criterion D6.2 Ability to demonstrate industrial heat applications 

Rationale: To expand the utilization of nuclear energy beyond the electricity sector, a variety of 
industrial heat applications have been identified. These processes span a range of 
high-temperature conditions. This criterion measures the potential to capture a large 
and diverse portfolio of industry heat applications. 

Metric D6.2.1. Coolant outlet temperature 

 

2.4 Test Reactor Goals, Criteria, and Metrics 

The following section identifies the goals, criteria, and associated metrics used for the test reactor 
evaluation. The goals, criteria and associated metrics are shown graphically in Figure 3. For each metric, 
the assessment ranges and scoring are detailed in Appendix A. For the three goals established for the test 
reactor, a listing of each goal, the associated criteria, its rationale and associated metric(s) is provided. 
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3. ASSESSMENT OF TECHNOLOGY READINESS 
OF TECHNOLOGY OPTIONS 

3.1 Introduction 

An assessment of the technical maturity of different advanced reactor concepts was completed to 
estimate how soon each could be deployed as a demonstration or test reactor given a concerted 
development effort. A working group (WG) comprised of a technical experts from the national laboratories 
performed the maturity assessment using the technology readiness levels (TRLs) as defined in DOE’s 
Technology Readiness Guide [1]. 

One representative design was selected for assessment from of each of the six Gen-IV reactor types: 
gas-cooled fast reactor (GFR), LFR, MSR, supercritical water-cooled reactor (SCWR), SFR, and very 
high temperature reactor (VHTR). Background information was obtained from previous detailed 
evaluations such as the Gen-IV Roadmap [2], Advanced Reactor Technologies Technical Review 
Panel [3] reports, the Next Generation Nuclear Plant Project (NGNP) technical reports [4], and other 
technical references as well as private consultations with concept proponents and subject matter experts. 
Except for Gen-IV collaborative research activities to which the U.S. is a party, non-U.S. experience or 
data sources were generally not factored into the evaluations because of the uncertainty with regard to 
the accessibility or quality of that data for the purposes of development, demonstration, and ultimately 
licensing and deployment of a U.S. facility. The WG established the scope of the assessment (which 
systems and subsystems needed to be considered), adapted a specific technology readiness scale, and 
scored each system through discussions designed to achieve internal consistency across concepts. 

In general, the WG sought to determine which of the reactor options have sufficient maturity to serve 
either the test or demonstration reactor missions. The purpose of a test reactor is to irradiate test 
specimens, often within a specific range of thermochemical conditions, while that of a demonstration 
reactor is to demonstrate certain performance and safety attributes in the integrated system. Compared to 
a demonstration reactor, an increased level of maturity in certain systems and subsystems is expected of 
a test reactor to meet its mission objectives. The maturity is quantified in terms of TRLs, which can be 
assigned to the overall concept as well as to major systems and subsystems of the concept. More 
specifically, for each advanced reactor concept, the following were specified as key questions and 
assumptions for the assessment: 

• What is the current technology readiness? What are the key technology hurdles that must be 
overcome for deployment? Can these hurdles be addressed in a test or demonstration reactor? 

• How soon will the technology be mature enough to be used as the base technology for a test reactor 
(with a primary mission of irradiation services)? 

• How soon will the technology be mature enough to be considered for a demonstration reactor? If so, 
what technology features would be demonstrated? If not, what feasibility issues need to be resolved 
before demonstration? 
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 OECD Nuclear Energy Agency, Technology Roadmap Update for Generation IV Nuclear Energy 
Systems, January 2014. 

 DOE, Advanced Reactor Concepts Technical Review Panel Report—Evaluation and 
Recommendations for Future R&D on Eight Advanced Reactor Concepts, Department of Energy, 
November 2012. 
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Table 8. Mean test reactor raw scores. 

Metric Description HTGR SFR 

T1.1.1 Fast flux conditions 1.0 9.0 

T1.1.2 Thermal flux conditions 5.0 9.0 

T1.1.3 Irradiation volumes and length 9.0 6.8 

T1.1.4 Cycle length 9.0 9.0 

T1.1.5 Prototypic and bounding conditions 6.5 9.0 

T1.2.1 Number of test zones 9.0 9.0 

T1.2.2 Number of test loops 6.1 9.0 

T1.2.3 Specimen retrievability at power 9.0 9.0 

T2.1.1 Project cost 4.6 5.0 

T2.1.2 Project schedule 4.6 4.6 

T2.2.1 Annual operating costs 5.0 5.0 

T2.3.1 Availability factor 5.0 7.9 

T3.1.1 Number of secondary missions 9.0 9.0 
 

5.3.2 Weighted Scores against Strategic Objective 4 

Using the weights discussed in Appendix A, the raw scores provided in Table 8 were weighted to 
establish scores by goal and then summed to obtain an overall score for the strategic objective. Goal 
level scores are summarized in Table 9. Detailed scores per metric are provided in Appendix C. 

For strategic objective 4 the SFR-TR scores highest mainly because of the irradiation conditions 
(Goal 1). Therefore, the SFR-TR is found to be a much better fit than the HTGR-TR against Strategic 
Objective 4. 

Table 9. Mean weighted scores per metric for the TRs against Strategic Objective 4. 

Goals 
Strategic Objective 4 

HTGR-TR SFR-TR 

1 47.3 67.2 

2 13.5 16.6 
3 5.0 5.0 

Total 65.9 88.9 
1σ 5.5 3.9 
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5.4 Weighting Factor Sensitivity Studies 

Examination of Table 8 indicates that the SFR-TR outscores the HTGR-TR in all but one metric 
(T1.1.3 irradiation volume and length). As a result, any other weighting scheme would result in the same 
outcome. Only if virtually all of the weight is assigned to T1.1.3 would the result change, thus the 
selection of the SFR-TR is robust. Therefore, no formal sensitivity studies were performed for the test 
reactors. 
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Appendix A 
Weightings Related to Goals, Criteria, and Metrics 

A-1. Weightings Related to Goals, Criteria, and Metrics 
The goals, criteria, and associated metrics used for the demonstration and test reactor evaluations 

were discussed in Section 2.3 and 2.4 respectively. Weightings related to goals, criteria, and metrics are 
presented in this appendix. 

A-1.1 Process used to Establish Weightings 
Weightings are needed at different stages in the evaluation: a different set of weightings of the goals 

for each of the four strategic objectives, a set of weightings of all criteria that support a goal, and a set of 
weightings of all metrics used to measure a specific criterion. 

Three groups, one at each laboratory (Idaho National Laboratory, Oak Ridge National Laboratory, 
and Argonne National Laboratory), established independent weighting sets based on their expertise, 
understanding of the objectives/goals/criteria, and the discussion about the importance of specific criteria 
that occurred at the Criteria and Metrics Workshop. The teams also established goal weightings for each 
strategic objective. Participants were asked to weight each goal relative to a given strategic objective by 
answering “How important is goal X to meeting the strategic objective?” 

For each of Strategic Objectives 1, 2, and 3 (those related to the demonstration reactor), this 
approach was used for the five goals initially established for the demonstration reactor. Then, the process 
was repeated for Strategic Objective 4 and the three goals developed for the test reactor. The weightings 
for the goals summed to 100%. 

Following the weighting of the goals, to establish criteria weightings, participants were asked to 
weight each criteria relative to the goals by answering “How important is criterion X to the goal it is 
supporting?” This was done for each criterion. Within a goal, the criterion weightings summed to 100%. 
After completing this step, participants were asked to answer “How important is metric A for criterion X?” 
This was repeated for all metrics associated with a given criterion. When a single metric was used to 
measure a given criterion, it was automatically given a weight of 100%. The weightings of the metrics for 
any given criterion summed to 100%, and are independent of the other criteria. 

The product of the goal weighting, the criteria weighting and the metric weighting gives the overall 
weighting of each metric. The weightings established by the three teams were then harmonized and a 
consistent set was put together for a final review at the next workshop. After thoroughly reviewing the 
weighting sets and overall weighting of each metric, the group collectively decided to adjust some of the 
weightings at all three levels (goals, criteria, and metrics). In particular, it was identified that for goals 
supported only by one or two criteria the initial weighting of the metrics was sometimes higher than 
intended. Additionally, a new goal was established for the demonstration reactor to better capture reactor 
capabilities relative to process heat applications (which is highly relevant for Strategic Objective 1). The 
final version of the weightings is discussed here. 
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In addition to the common agreement reached among the group regarding the goals/criteria/metrics 
and their weightings, sensitivity analyses were performed as part of the evaluation process. The purpose 
of these analyses was to evaluate if different weightings of the goals and criteria against each strategic 
objective would lead to selection of a different reactor technology. The results are presented as part of the 
evaluations in Sections 4 and 5. 

A-1.2 Goal Weightings for Demonstration Reactor Strategic 
Objectives 

Table A-1 lists the weightings of each goal against each of the strategic objectives. As can be seen 
from the table, the weightings differed depending on the strategic objective. It is important to recognize 
that if a given goal contains a large number of criteria and metrics, even with a large weighting, the overall 
weighting of its metrics can be somewhat low. In particular, the overall weighting of the metrics of a given 
goal may be lower than that of a different goal carrying a lower weighting. Thus, although the weightings 
were initially established independently at the goal, criteria, and metric levels, it was necessary to 
consider the entire decision analysis framework when judging the reasonableness of weightings 
discussed here. 

Table A-1. Goal weightings against demonstration reactor strategic objectives. 

 
 

For Strategic Objective 1, which is related to deploying a process heat demonstration, the first goal 
related to advancing technology has the highest weighting at 25%. Goal 6, related to demonstrating 
process heat applications, Goal 2, related to resolving technical barriers to advance reactor economics 
and reliability and Goal 4, related to technology demonstration and system integration, each carry the 
same weighting of 20%. However Goal 6, having fewer metrics than Goals 2 and 4, has a higher overall 
weighting of its criteria. Goal 3, related to a robust safety design basis, was given a weighting of 15%, but 
given it has only two metrics, the overall weighting makes its metrics as important as those of Goal 1. 
Goal 5, related to the fuel cycle, was given a weight of 0% since it was deemed non-relevant for the 
process heat strategic objective. Logically, demonstrating process heat applications was seen as a 
particularly important goal for Strategic Objective 1 followed equally by technology advancement, safety, 
and licensing. 

Stategic Objective 1 Stategic Objective 2 Stategic Objective 3

D1. Demonstration Reactor significantly advances the 
technology toward a potential commercial plant 25 20 35

D2. Demonstration Reactor operations help resolve technical 
barriers (e.g. predictability) to advanced reactor economics and 
reliability

20 20 20

D3. Demonstration Reactor has a robust safety design basis for 
licensing 15 15 15

D4. Demonstration reactor supports demonstration of 
technology and system integration (enhancing immediate, 
intermediate and long term value of the project)

20 20 20

D5. Demonstrate reactor stage of advanced fuel cycle 0 25 5

D6. Demonstrate high temperature reactor process heat 
applications 20 0 5

Weighting against Stategic Objectives (%)
Goal



 

84 
Appendix A 

For Strategic Objective 2, related to actinide management and fuel resource utilization, Goal 5, 
related to the fuel cycle, was given the highest weight, 25%, as expected. Equal weightings of 20% each 
were assigned to Goal 1, related to technology advancement, to Goal 2, related to resolving technical 
barriers to advance reactor economics and reliability, and to Goal 4, related to technology demonstration 
and system integration. Among these three goals, the metrics for Goal 4 have a lower overall weighting 
than those for Goals 1 and 2. Although Goal 3 received a 15% weighting, the overall weightings of its 
metrics are larger than those of the metrics of Goals 1 and 2. Goal 6 related to demonstrating process 
heat applications was given a weight of 0% since it was deemed non-relevant for Strategic Objective 2. 
Thus, the focus here is on successful fuel recycle demonstration followed by safety and licensing, and 
operational information to inform reactor economics, reliability, and safety. 

For Strategic Objective 3, related to deploying an engineering demonstration to mature a reactor 
technology for the longer term, the highest weighting (35%) was logically given to Goal 1 related to 
advancing the technology. Goals 2 and 4, related to resolving technical barriers and technology 
demonstration and system integration, were each given weightings of 20%. Overall weightings of the 
metrics of Goal 2 are larger than those of the metrics of Goal 4, because of the different number of 
metrics. Goal 3 related to a robust safety design basis was assigned a weighting of 15%; however, having 
only two metrics, their overall weightings are larger than for the metrics of Goals 2 and 4. Goal 5 related 
to fuel recycling and Goal 6 related to demonstrating process heat applications were both given a 
weighting of 5% to reflect their relative low importance for Strategic Objective 3. Advancing the 
technology was seen as most important for this objective given the less-mature status of the reactor 
technology, followed by having a robust safety design basis and resolving technology demonstration and 
system integration issues. These are all critical goals for a maturing reactor technology to be worthy of 
advancement in the long term. 

A-1.3 Criteria and Metrics Weightings Related to Demonstration 
Reactor Goals 

Criteria were developed to expand in more detail the demonstration reactor goals. The weightings of 
each criterion relative to the goal it supports are shown in Table A-2. For Goal 1, related to advancing 
technology, five criteria were established. The criterion related to demonstrating the safety behavior of the 
commercial system was given the greatest weight at 35%. A 20% weighting was assigned to the criterion 
related to using scalable technology options. The final three criteria related to scalable maintenance 
approaches, scalable fabrication approaches, and having sufficient instrumentation and data for code 
validation, were each given 15% weighting. With only one metric for each criterion, each of them received 
100% weighting. 

For Goal 2, related to resolving technical barriers related to economics through operation, three 
criteria were established: project costs and schedule, operational costs, and reliability of operations. The 
project costs and schedule, consisting of two metrics, was found to be the most important and received a 
weighting of 55%. The reliability of operations was considered the second-most important criterion and 
was given 25% weighting. The operational cost criteria received the remaining 20% weighting. The first 
criterion (Criterion 2.1), related to project costs and schedule, has two metrics: one related to cost and 
another related to schedule. Each metric is given a 50% weighting. Other criteria having a single metric, 
their metric is given a 100% weighting. 
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For Goal 3, there was only one criterion related to a robust safety design basis; thus it was given a 
100% weighting. Its first metric, related to the ability of the reactor to address key licensing issues, for 
follow-up commercial units is considered the most important and is given a 65% weighting. The second 
metric related to the emergency planning zone (EPZ) size is given the remaining 35% weighting. 

Table A-2. Criteria weightings related to demonstration reactor goals. 

 
 

For Goal 4, related to technology demonstration and system integration, four criteria were 
established. A 35% weighting was given to the criterion associated with facilitating component 
demonstration, a key objective of the overall demonstration of an advanced reactor system. The ability to 
demonstrate alternative core configuration and fuel types was given a 30% weighting. This criterion deals 
with the flexibility of the demonstration system. The criterion related to research and development (R&D) 

Goal Criteria Weighting within 
Goal (%)

D1.1 Capability to demonstrate safety behavior of commercial 
system 35

D1.2 Detailed instrumentation and data for code validation tests 15

D1.3 Scalable technology choices 20

D1.4 Scalable maintenance techniques and schedules 15

D1.5 Scalable fabrication options 15

D2.1 Project costs and Schedule 55

D2.2 Operational costs 20

D2.3 Reliability of operations 25

D3. Demonstration Reactor has a robust safety 
design basis for licensing 

D3.1 Licensed by Nuclear Regulatory Commission 100

D4.1 Facilitate component demonstration 35

D4.2 Ability to demonstrate alternate core configurations and 
fuel types

30

D4.3 R&D required before demonstration reactor 
construction/operation

20

D4.4 Provide ability to conduct irradiations of materials and 
fuels

15

D5.1 Ability to demonstrate utilization of natural resources 45

D5.2 Prototypic fuel fabrication 20

D5.3 Prototypic fuel performance 20

D5.4 Used fuel handling 15

D6.1 Demonstrate integration with various energy conversion 
systems or process heat for industrial applications 50

D6.2 Ability to demonstrate industrial heat applications 50

D6. Demonstrate high temperature reactor process 
heat applications

D1. Demonstration Reactor significantly advances 
the technology toward a potential commercial plant

D2. Demonstration Reactor operations help resolve 
technical barriers (e.g. predictability) to advanced 
reactor economics and reliability

D4. Demonstration reactor supports demonstration 
of technology and system integration (enhancing 
immediate, intermediate and long term value of the 
project)

D5. Demonstrate reactor stage of advanced fuel 
cycle
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required prior to construction, representing the maturity of the technology, was given a 20% weighting. 
Finally, the ability of the demonstration reactor to conduct irradiations of fuel and materials under 
prototypic conditions was given a weighting of 15%. This last criterion was seen as not critical to the 
demonstration reactor mission, but it would enhance the long-term value of the demonstration system. 

The second criterion (Criterion D4.2), related to alternative core configurations and fuel types, has 
two metrics, one for core configuration and one for fuel types. They are each given a 50% weighting. The 
third criterion (Criterion D4.3), related to R&D required prior to construction, has two metrics: one related 
to R&D time and the other one related to R&D cost. Each criterion is given a weighting of 50%. The fourth 
criterion (Criterion D4.4), related to the ability to conduct irradiations, has three metrics related to fast flux 
conditions, thermal flux conditions, and irradiation volume and length. The most important metric is 
considered to be the fast flux and is given a weighting of 40%. The irradiation volume and length metric is 
considered slightly less important and received a weighting of 35%. The thermal flux metric is given the 
remaining weighting of 25%. 

For Goal 5, related to demonstrating advanced reactor fuel cycles, four criteria were established. The 
most important one is the ability to demonstrate utilization of natural resources, which carries a weighting 
of 45%. The demonstration reactor using prototypic fuel fabrication techniques and demonstrating 
prototypic fuel performance were each weighted 20%. Spent fuel handling was weighted 15%. There is a 
single metric for each criterion, so they each received a 100% weighting. 

For Goal 6, related to demonstrating high temperature process heat applications, two criteria were 
established. The ability to demonstrate integration with various energy conversion systems or industrial 
applications and the ability to demonstrate industrial heat applications both received an equal weighting 
of 50%. There is a single metric for each criterion so they each received a 100% weighting. 

A-1.4 Goals Weightings for Test Reactor Strategic Objective 
Table A-3 lists the weightings of each goal against Strategic Objective 4, which is related to providing 

an irradiation test bed to support development and qualification of fuels, materials, and other important 
components/items. Goal 1, relating to how well the test reactor provides irradiation test services for a 
variety of reactor and fuel technology options, is logically the most important of the goals and is given a 
weighting of 70%. Goal 2, related to reliable operations and cost effective construction, and operation is 
considered somewhat important and is given a weighting of 25%. The capability of the test reactor to 
provide secondary missions, Goal 3, is assigned a weighting of 5%. Although this value might appear 
small compared to the other two goals, it is composed of a single metric resulting in an overall weighting 
comparable to that of some of the metrics of the other goals. These goal weightings reflect the 
importance of the reactor facility to meet its mission as a test reactor, followed by its ability to do so in a 
reliable and economic manner. The ability to have secondary missions is useful since it provides 
additional value and potential revenue for the facility. 
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Table A-3. Goal weightings for test reactor strategic objective. 

 
 

A-1.5 Criteria and Metrics Weightings Related to Test Reactor Goals 
Criteria were developed to expand in more detail the test reactor goals. The weightings of each 

criterion relative to its goal are shown in Table A-4. For Goal T1, related to providing irradiation services, 
two criteria were established: irradiation conditions and supporting diverse testing configurations. 
Criterion T1.1 was given a weighting of 65% and Criterion T1.2 was assigned a weighting of 35% weight. 
Given that Criterion T1.1 is made of five metrics and that Criteria T1.2 is made of the metrics, the overall 
weightings of the metrics of the two criteria are comparable. 

Goal
Weighting 

against Stategic 
Objective 4 (%)

T1. Test Reactor provides irradiation services for a 
variety of reactor and fuel technology options 70

T2. Test Reactor will be built and operated reliably 
and in a sustainable cost-effective manner.  (Need to 
be able to justify initial and long-term expense)

25

T3. Capability to accommodate secondary missions 
(electricity, isotope production, etc.) of modest value 
(million dollar) without compromising primary mission 
of testing fuels and materials for advanced reactor 
technologies

5
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Table A-4. Criteria weightings related to test reactor goals. 

 
 

The weightings of the five metrics within Criterion T1.1 are shown in Table A-5. The fast flux 
irradiation conditions metric is the most important and is given a weighting of 35%, followed by the 
irradiation volume and length, which received a weighting of 25%. The thermal flux irradiation conditions 
metric is slightly less important, partly due to the fact that thermal irradiation capabilities are already 
available in other reactors in the United States and abroad, and is given a weighting of 20%. Cycle length 
and the ability to test prototypic and bounding conditions are deemed to have a lower importance and are 
each given a weighting of 10%. 

Table A-5. Weightings of the metrics within Criterion T1.1. 

 
 

Goal Criteria Weighting within Goal 
4 (%)

T1.1 Irradiation conditions 65

T1.2 Support diverse irradiation testing configurations 
concurrently (accommodate various sizes and tailor 
irradiation parameters to wide group of simultaneous 
users)

35

T2.1 Project costs and schedule (including design, 
licensing, R&D, construction, and contingency that 
reflects technical maturity of the concept)

35

T2.2 Operational costs and schedule (including 
contingency that reflects technical maturity of the 
concept)

30

T2.3 Reliability of operations 35

T3. Capability to accommodate secondary 
missions (electricity, isotope production, etc.) of 
modest value (million dollar) without 
compromising primary mission of testing fuels and 
materials for advanced reactor technologies

T3.1 Identification of secondary missions 100

T1. Test Reactor provides irradiation services for 
a variety of reactor and fuel technology options

T2. Test Reactor will be built and operated 
reliably and in a sustainable cost-effective 
manner.  (Need to be able to justify initial and 
long-term expense)

Weighting within 
Criteria (%)

T1.1.1 Fast flux conditions 35
T1.1.2 Thermal flux conditions (<0.625 eV) 20
T1.1.3 Irradiation volume and length 25
T1.1.4 Maximum sustainable time at power (cycle length) 10
T1.1.5 Provisions for testing prototypic/bounding conditions 10

Metric
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The weightings of the three metrics within Criterion T1.2 are shown in Table A-6. The number of test 
zones and the number of distinct irradiation test loops are both very important characteristics of a test 
reactor since they are related to the number of simultaneous irradiation experiments that can be run at 
the same time. Both those metrics are given a weighting of 40%. The ability to insert/retrieve a specimen 
at power, while a desirable feature, was viewed as less important and is given a weighting of 20%. 

Table A-6. Weightings of the metrics within Criterion T1.2. 

 
 

For Goal T2, related to reliable and cost effective operation, three criteria were established: project 
cost and schedule, operational costs, and reliability of operations. Criterion T2.1 related to project costs 
and schedule has two metrics: one related to project cost and one to construction schedule. The project 
cost was considered the most important; thus, it received a weighting of 70%, and the construction 
schedule received a weighting of 30%. For Criteria T2.2 and T2.3, there is only one metric for each 
criterion so they received a weighting of 100%. 

For Goal 3 related to secondary missions, there is only one criterion and is thus given a 
100% weighting. There is one metric for this criterion so it also received a 100% weighting. 

A-1.6 Demonstration Reactor Metric Bins 
The following section identifies the three scoring bins used for the metrics defined for the 

demonstration reactor evaluation. (Only the metrics are listed below).  

Metric/Score 9 5 1 
Metric D1.1.1. 

Does the 
demonstration 
system have safety 
characteristics and 
systems/component
s expected in the 
commercial plant? 

Demo replicates the 
passive and inherent 
safety characteristics 

and has prototypic 
systems/components 

Demo has some of the 
passive and inherent 
safety characteristics 

and the resultant safety 
behavior of Demo can 

be confidently scaled to 
the commercial system 

Safety behavior of 
Demo has important 
non-scalable aspects 

Metric D1.2.1 
Does the design 
have adequate 
instrumentation and 
will it gather 
appropriate data for 
code validation 
tests? 

High fidelity 
instrumentation and 

data to validate 
performance and safety 

models 

Some instrumentation 
and data to validate 

performance and safety 
models 

Limited 
instrumentation and 

data to validate 
performance and 

safety models 

Weighting within 
Criteria (%)

T1.2.1 Number of test zones 40
T1.2.2 Number and type of irradiation test loops 40
T1.2.3 Ability to insert/retrieve irradiation specimen at power 20

Metric
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Metric/Score 9 5 1 
Metric D1.3.1. 

Does the design 
implement 
technology 
selections that are 
prototypic or 
scalable to 
commercial unit? 

Prototypic Scalable Neither 

Metric D1.4.1 
Does the design 
have maintenance 
approaches that are 
prototypic or 
scalable to 
commercial unit? 

Prototypic Scalable Neither 

Metric D1.5.1 
Does the design use 
prototypic or 
scalable 
technologies in the 
fabrication of 
important systems 
and components? 

Prototypic Scalable Neither 

Metric D2.1.1 
Project cost 

Prototypic Scalable Neither 

Metric D2.1.2  
Project Schedule - 
The time from today 
to first operation 

<10 years 10–15 years >15 years 

Metric D2.2.1 
Annual operating 
costs 

< $0/MWt-h, (revenue 
exceeds cost) 

$0-10/MWt-h >$ 10/MWt-h 

Metric D2.3.1. 
Availability factor 

>90% 70–90% <70% 

Metric D3.1.1 
Ability to address 
key licensing issues 
for follow-on 
commercial units 

Demonstration unit can 
address most of key 
licensing issues for 
follow-on commercial 
units 

Demonstration unit can 
address some of key 
licensing issues for 
follow-on commercial 
units 

Demonstration unit can 
address limited 
number of key 
licensing issues for 
follow-on commercial 
units 

Metric D3.1.2 
EPZ size 

EPZ <400 m EPZ between 400 m 
and 16 km 

EPZ at 16 km 

Metric D4.1.1 
Demonstrating 
(prototypic or 
scalable) integral 
component 
performance.  

Prototypic Scalable Neither 
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Metric/Score 9 5 1 
Metric D4.2.1 

Number of 
alternative core 
configurations 

More than 2 1–2 None 

Metric D4.2.2 
Number of 
alternative fuel 
types 

More than 2 1–2 None 

Metric D4.3.1 
R&D time 

0-5 years 5–10 years >10 years 

Metric D4.3.2 
R&D cost 

< $250 M $250–500 M >$500 M 

Metric D4.4.1 
Fast flux conditions 
at test location 

>5×1015 n/cm2-s fast 
(>0.1 MeV) 

5×1014 to 5×101 
n/cm2-s fast (>0.1 Mev) 

<5×1014 fast   
(>0.1 MeV) 

Metric D4.4.2 
Thermal Flux 
conditions at test 
location 

>5×1014 n/cm2-s thermal 1 to 5×1014 n/cm2-s 
thermal 

<1×1014 thermal 

Metric D4.4.3 
Irradiation volumes 
and length 

Volume >10 liters 
Length >2 meter 

5 to 10 liters volume 
0.5 to 2 meter length 

Volume <5 liters 
Length <0.5 m 

Metric D5.1.1 
Use of fuel natural 
resources 

<20 MT–U/GWeyr 20–150 MT-U/GWeyr >150 MT-U/GWeyr 

Metric D5.2.1. 
Is the fuel 
fabrication 
approach prototypic 
or scalable to 
commercial unit? 

Prototypic Scalable Neither 

Metric D5.3.1 
Is the anticipated 
fuel performance 
prototypic or 
scalable to 
commercial unit? 

Prototypic Scalable Neither 

Metric D5.4.1 
Is the spent fuel 
handling prototypic 
or scalable to 
commercial unit? 

Prototypic Scalable Neither 
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Metric/Score 9 5 1 
Metric D6.1.1 

Number of energy 
conversion systems 
or industrial 
applications 

More than 3 1–3 None 

Metric D6.2.1 
Coolant outlet 
temperature 

>700oC 400–700oC <400oC 

 

A-1.7 Test Reactor Metric Bins 
The following section identifies the three scoring bins used for the metrics defined for the test reactor 

evaluation. 

Metric/Score 9 5 1 
Metric T1.1.1 

Fast flux conditions 
>5×1015 n/cm2-s fast 

(>0.1 MeV) 
5×1014 to 5×1015 n/cm2-

s fast (>0.1 Mev) 
<5 ×1014 fast (>0.1 

MeV) 
Metric T1.1.2 

Thermal flux 
conditions (0.625 
eV) 

>5×1014 n/cm2-s 
thermal 

1 to 5×1014 n/cm2-s 
thermal 

<1×1014 thermal 

Metric T1.1.3 
Irradiation volumes 
and length for 
largest test location 

Volume > 10 liters 
Length > 2 meter 

5 to 10 liters volume 
0.5 to 2 meter length 

Volume <5 liters 
Length <0.5 m 

Metric T1.1.4 
Maximum 
sustainable time at 
power, to provide a 
time-at-power for a 
single irradiation 
(i.e., cycle length) 

> 90 days 45 to 90 days < 45 days 

Metric T1.1.5 
Provisions for 
testing prototypic 
and bounding 
conditions 
(Temperature, 
Coolant, Chemistry) 

Prototypic and 
bounding for different 

reactor coolants 

Prototypic and 
bounding for base test 

reactor coolant 

Not prototypic or 
bounding 

Metric T1.2.1 
Number of test zones 

>25 locations 10 to 25 locations <10 locations 

Metric T1.2.2. 
Number and type of 
distinct irradiation 
test loops each with 
a different cooling 
system 
independent of the 

3 or more 1 or 2 None 
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Metric/Score 9 5 1 
primary reactor 
coolant 

Metric T1.2.3. 
Ability to 
insert/retrieve 
irradiation 
specimen while 
staying at power 

At power (e.g., rabbit) Limited handling 
capability 

Only at shutdown 

Metric T2.1.1 
Project cost 

< $2.5 B $2.5 – 4 B > $4.0 B 

Metric T2.1.2 
Project Schedule - 
The time from today 
to first operation 

< 10 years 10-15 years >15 years 

Metric T2.2.1 
Annual operating 
costs 

< $100 M/yr $100–150 M/yr > $150 M/yr 

Metric T2.3.1 
Availability factor 

>80% 60–80% <60% 

Metric T3.1.1 
Number of 
secondary missions 

Sale of energy products Other secondary 
missions 

None 
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Appendix B 
Technology Readiness Levels used in this 

Assessment 
B-1. Demonstration Reactor Goals, Criteria, 

and Metrics 
Department of Energy (DOE) Guide 413.3-4A was developed to assist individuals and teams involved 

in conducting technology readiness assessments and developing technology maturation plans for the 
DOE capital acquisition assets subject to DOE O 413.3B, “Program and Project Management for the 
Acquisition of Capital Assets.” 

The complete guide can be obtained from DOE and, as of the date of issue of this document, 
downloaded from the DOE website at 
https://www.directives.doe.gov/directives-documents/400-series/0413.3-EGuide-04a. 

The following table was extracted from the guide. 

Relative Level 
of Technology 
Development TRL 

TRL 
Definition Description 

System 
Operations 

TRL 9 Actual system 
operated over the 
full range of 
expected mission 
conditions. 

The technology is in its final form and operated under the 
full range of operating mission conditions. Examples 
include using the actual system with the full range of 
wastes in hot operations. 

System 
Commissioning 

TRL 8 Actual system 
completed and 
qualified through 
test and 
demonstration. 

The technology has been proven to work in its final form 
and under expected conditions. In almost all cases, this 
technology readiness level (TRL) represents the end of 
true system development. Examples include 
developmental testing and evaluation of the system with 
actual waste in hot commissioning. Supporting information 
includes operational procedures that are virtually 
complete. An operational readiness review has been 
successfully completed prior to the start of hot testing. 
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Appendix C 
Demonstration and Test Reactor Detailed Assessment 

Results 
In this appendix, the detailed raw and weighted scores are presented for the demonstration and test 

reactors. The results from the sensitivity studies performed for the demonstration reactor are also 
included. 

C-1. Demonstration Reactor Detailed Results 
C-1.1 Raw Scores 

An expanded data set for the four demonstration reactor raw scores and variances are presented in 
Table C-1. The mean scores vary significantly between the 25 metrics, depending on each design’s 
attributes and current development status. 

Table C-1. Mean raw scores and variances per metric for all four DRs. 

Metric 
Mean Values 1σ 

HTGR SFR LFR FHR HTGR SFR LFR FHR 
D1.1.1 9.0 9.0 5.4 4.3 0.0 0.0 2.2 2.4 
D1.2.1 9.0 9.0 9.0 9.0 0.0 0.0 0.0 0.0 
D1.3.1 9.0 9.0 5.0 5.4 0.0 0.0 0.0 1.2 
D1.4.1 9.0 9.0 7.2 5.0 0.0 0.0 2.8 0.0 
D1.5.1 9.0 9.0 7.2 4.6 0.0 0.0 2.1 1.2 
D2.1.1 7.9 7.9 6.1 9.0 1.9 1.9 1.9 0.0 
D2.1.2 5.0 4.6 3.5 5.7 1.8 2.2 2.7 2.4 
D2.2.1 7.9 7.2 6.1 1.0 1.9 2.1 1.9 0.0 
D2.3.1 8.6 8.6 6.8 6.1 1.2 1.2 2.1 3.1 
D3.1.1 8.6 9.0 7.2 6.8 1.2 0.0 2.1 2.1 
D3.1.2 8.3 7.5 7.2 7.9 1.6 2.0 2.1 1.9 
D4.1.1 9.0 9.0 6.1 5.4 0.0 0.0 2.6 1.2 
D4.2.1 9.0 9.0 9.0 9.0 0.0 0.0 0.0 0.0 
D4.2.2 9.0 9.0 9.0 9.0 0.0 0.0 0.0 0.0 
D4.3.1 5.0 7.2 4.3 4.3 0.0 2.1 1.6 1.6 
D4.3.2 5.4 6.8 4.3 5.4 1.2 2.1 1.6 2.2 
D4.4.1 1.0 5.0 5.0 1.0 0.0 0.0 0.0 0.0 
D4.4.2 5.0 2.1 1.0 5.0 0.0 1.9 0.0 0.0 
D4.4.3 9.0 6.8 6.1 9.0 0.0 2.1 1.9 0.0 
D5.1.1 1.4 9.0 9.0 1.4 1.2 0.0 0.0 1.2 
D5.2.1 8.6 8.6 6.1 5.0 1.2 1.2 3.1 1.8 
D5.3.1 8.6 9.0 5.4 6.8 1.2 0.0 3.3 2.1 
D5.4.1 8.6 9.0 8.3 5.4 1.2 0.0 1.6 2.8 
D6.1.1 9.0 5.0 5.0 9.0 0.0 0.0 0.0 0.0 
D6.2.1 9.0 5.0 5.0 9.0 0.0 0.0 0.0 0.0 
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Table C-6. Demonstration reactor effective metric contributions. 

 
 

Table C-7. Demonstration reactor top 5 metrics for Objectives 1–3. 

Metric Description 
Effective weight (%) 

1 2 3 

D1.1.1 
Capability to demonstrate safety behavior of commercial 

system 
9 7 12 

D1.3.1 
Technology selections that are prototypic/scalable to 

commercial unit 
— — 7 

D2.1.1 Project cost — 6 6 

D3.1.1 Ability to address key licensing issues for commercial units 10 10 10 

D4.1.1 
Demonstration of components expected in commercial 

units 
7 7 7 

D5.1.1 Use of fuel natural resources — 11 — 

D6.1.1 
Number of energy conversion systems or industrial 

applications 
10 — — 

D6.2.1 Coolant outlet temperature 10 — — 
 

The mean weighted value and standard deviation of the individual assessment teams scores for each 
metric is provided in Table C-8 (Strategic Objective 1), Table C-9 (Strategic Objective 2), and Table C-10 
(Strategic Objective 3). The tables also contain the overall summed score across all metrics for each point 
design and the standard deviations. 
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Table C-8. Mean weighted scores per metric for all four DRs: Objective 1. 

Metric 
Mean Values 1σ 

HTGR SFR LFR FHR HTGR SFR LFR FHR 

D1.1.1 8.8 8.8 5.2 4.2 0.0 0.0 2.1 2.3 

D1.2.1 3.8 3.8 3.8 3.8 0.0 0.0 0.0 0.0 

D1.3.1 5.0 5.0 2.8 3.0 0.0 0.0 0.0 0.7 

D1.4.1 3.8 3.8 3.0 2.1 0.0 0.0 1.1 0.0 

D1.5.1 3.8 3.8 3.0 1.9 0.0 0.0 0.9 0.5 

D2.1.1 4.8 4.8 3.7 5.5 1.1 1.1 1.1 0.0 

D2.1.2 3.1 2.8 2.2 3.5 1.1 1.3 1.6 1.5 

D2.2.1 3.5 3.2 2.7 0.4 0.8 0.9 0.8 0.0 

D2.3.1 4.8 4.8 3.8 3.4 0.7 0.7 1.2 1.7 

D3.1.1 9.4 9.8 7.8 7.4 1.3 0.0 2.3 2.3 

D3.1.2 4.8 4.4 4.2 4.6 0.9 1.2 1.2 1.1 

D4.1.1 7.0 7.0 4.7 4.2 0.0 0.0 2.0 0.9 

D4.2.1 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 

D4.2.2 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 

D4.3.1 1.1 1.6 0.9 0.9 0.0 0.5 0.4 0.4 

D4.3.2 1.2 1.5 0.9 1.2 0.3 0.5 0.4 0.5 

D4.4.1 0.1 0.7 0.7 0.1 0.0 0.0 0.0 0.0 

D4.4.2 0.4 0.2 0.1 0.4 0.0 0.2 0.0 0.0 

D4.4.3 1.1 0.8 0.7 1.1 0.0 0.2 0.2 0.0 

D5.1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

D5.2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

D5.3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

D5.4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

D6.1.1 10.0 5.6 5.6 10.0 0.0 0.0 0.0 0.0 

D6.2.1 10.0 5.6 5.6 10.0 0.0 0.0 0.0 0.0 

Total (%) 92.3 83.7 67.3 73.6 4.1 3.6 11.4 7.4 
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Table C-9. Mean weighted scores per metric for all four DRs: Objective 2. 

Metric 
Mean Values 1σ 

HTGR SFR LFR FHR HTGR SFR LFR FHR 

D1.1.1 7.0 7.0 4.2 3.3 0.0 0.0 1.7 1.9 

D1.2.1 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 

D1.3.1 4.0 4.0 2.2 2.4 0.0 0.0 0.0 0.5 

D1.4.1 3.0 3.0 2.4 1.7 0.0 0.0 0.9 0.0 

D1.5.1 3.0 3.0 2.4 1.5 0.0 0.0 0.7 0.4 

D2.1.1 4.8 4.8 3.7 5.5 1.1 1.1 1.1 0.0 

D2.1.2 3.1 2.8 2.2 3.5 1.1 1.3 1.6 1.5 

D2.2.1 3.5 3.2 2.7 0.4 0.8 0.9 0.8 0.0 

D2.3.1 4.8 4.8 3.8 3.4 0.7 0.7 1.2 1.7 

D3.1.1 9.4 9.8 7.8 7.4 1.3 0.0 2.3 2.3 

D3.1.2 4.8 4.4 4.2 4.6 0.9 1.2 1.2 1.1 

D4.1.1 7.0 7.0 4.7 4.2 0.0 0.0 2.0 0.9 

D4.2.1 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 

D4.2.2 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 

D4.3.1 1.1 1.6 0.9 0.9 0.0 0.5 0.4 0.4 

D4.3.2 1.2 1.5 0.9 1.2 0.3 0.5 0.4 0.5 

D4.4.1 0.1 0.7 0.7 0.1 0.0 0.0 0.0 0.0 

D4.4.2 0.4 0.2 0.1 0.4 0.0 0.2 0.0 0.0 

D4.4.3 1.1 0.8 0.7 1.1 0.0 0.2 0.2 0.0 

D5.1.1 1.7 11.3 11.3 1.7 1.5 0.0 0.0 1.5 

D5.2.1 4.8 4.8 3.4 2.8 0.7 0.7 1.7 1.0 

D5.3.1 4.8 5.0 3.0 3.8 0.7 0.0 1.8 1.2 

D5.4.1 3.6 3.8 3.4 2.2 0.5 0.0 0.7 1.2 

D6.1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

D6.2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total (%) 82.2 92.4 73.7 61.2 6.3 3.7 13.7 8.0 
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Table C-10. Mean weighted scores per metric for all four DRs: Objective 3. 

Metric 
Mean Values 1σ 

LFR FHR LFR FHR 

D1.1.1 7.3 5.8 2.9 3.3 

D1.2.1 5.3 5.3 0.0 0.0 

D1.3.1 3.9 4.2 0.0 0.9 

D1.4.1 4.2 2.9 1.6 0.0 

D1.5.1 4.2 2.7 1.2 0.7 

D2.1.1 3.7 5.5 1.1 0.0 

D2.1.2 2.2 3.5 1.6 1.5 

D2.2.1 2.7 0.4 0.8 0.0 

D2.3.1 3.8 3.4 1.2 1.7 

D3.1.1 7.8 7.4 2.3 2.3 

D3.1.2 4.2 4.6 1.2 1.1 

D4.1.1 4.7 4.2 2.0 0.9 

D4.2.1 3.0 3.0 0.0 0.0 

D4.2.2 3.0 3.0 0.0 0.0 

D4.3.1 0.9 0.9 0.4 0.4 

D4.3.2 0.9 1.2 0.4 0.5 

D4.4.1 0.7 0.1 0.0 0.0 

D4.4.2 0.1 0.4 0.0 0.0 

D4.4.3 0.7 1.1 0.2 0.0 

D5.1.1 2.3 0.3 0.0 0.3 

D5.2.1 0.7 0.6 0.3 0.2 

D5.3.1 0.6 0.8 0.4 0.2 

D5.4.1 0.7 0.4 0.1 0.2 

D6.1.1 1.4 2.5 0.0 0.0 

D6.2.1 1.4 2.5 0.0 0.0 

Total (%) 70.3 66.7 13.3 8.5 
 

C-1.1.2 Weighting Factor Sensitivity Studies 
In this section the more information is supplied on the sensitivity Studies 1 and 3. 

C-1.1.3 Sensitivity Study 1: Goals D1-D6 sequentially set to 100% 
In the first sensitivity study, the weights of the six goals defined in Section 2 are sequentially set to 

100%, while keeping all other goal weights at zero. The effective weights applied for Goals 1–6 are 
presented in Table C-11 to Table C-16. Note that since the goals for the three objectives are all set equal 
to 1.0, the effective weights are the same for all three objectives. 
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Table C-11. Weights for Goal D1 set to 100%. 
Goal 

Criteria Metrics 
Effective Weight 

 1 2 3 1 2 3 

D1 1.00 1.00 1.00 

D1.1 0.35 D1.1.1 1.00 0.35 0.35 0.35 

D1.2 0.15 D1.2.1 1.00 0.15 0.15 0.15 

D1.3 0.20 D1.3.1 1.00 0.20 0.20 0.20 

D1.4 0.15 D1.4.1 1.00 0.15 0.15 0.15 

D1.5 0.15 D1.5.1 1.00 0.15 0.15 0.15 
 

Table C-12. Weights for Goal D2 set to 100%. 
Goal 

Criteria Metrics 
Effective Weight 

 1 2 3 1 2 3 

D2 1.00 1.00 1.00 

D2.1 0.55 
D2.1.1 0.50 0.28 0.28 0.28 

D2.1.2 0.50 0.28 0.28 0.28 

D2.2 0.20 D2.2.1 1.00 0.20 0.20 0.20 

D2.3 0.25 D2.3.1 1.00 0.25 0.25 0.25 
 

Table C-13. Weights for Goal D3 set to 100%. 

Goal 
Criteria Metrics 

Effective Weight 
 1 2 3 1 2 3 

D3 1.00 1.00 1.00 D3.1 1.00 
D3.1.1 0.65 0.65 0.65 0.65 

D3.1.2 0.35 0.35 0.35 0.35 

 

Table C-14. Weights for Goal D4 set to 100%. 

Goal 
Criteria Metrics 

Effective Weight 
 1 2 3 1 2 3 

D4 1.00 1.00 1.00 

D4.1 0.35 D4.1.1 1.00 0.35 0.35 0.35 

D4.2 0.30 
D4.2.1 0.50 0.15 0.15 0.15 

D4.2.2 0.50 0.15 0.15 0.15 

D4.3 0.20 
D4.3.1 0.50 0.10 0.10 0.10 

D4.3.2 0.50 0.10 0.10 0.10 

D4.4 0.15 

D4.4.1 0.40 0.06 0.06 0.06 

D4.4.2 0.25 0.04 0.04 0.04 

D4.4.3 0.35 0.05 0.05 0.05 

 
  



 

122 
Appendix C 

Table C-15. Weights for Goal D5 set to 100%. 
Goal 

Criteria Metrics 
Effective Weight 

 1 2 3 1 2 3 

D5 1.00 1.00 1.00 

D5.1 0.45 D5.1.1 1.00 0.45 0.45 0.45 

D5.2 0.20 D5.2.1 1.00 0.20 0.20 0.20 

D5.3 0.20 D5.3.1 1.00 0.20 0.20 0.20 

D5.4 0.15 D5.4.1 1.00 0.15 0.15 0.15 
 

Table C-16. Weights for Goal D6 set to 100%. 
Goal 

Criteria Metrics 
Effective weight 

 1 2 3 1 2 3 

D6 1.00 1.00 1.00 
D6.1 0.50 D6.1.1 1.00 0.50 0.50 0.50 

D6.2 0.50 D6.2.1 1.00 0.50 0.50 0.50 
 

C-1.1.4 Sensitivity Study 3: Reduce the set of 25 metrics to only 5 
In the final sensitivity study, only the top five metrics for each objective were preserved and 

re-normalized to 100%. The weights for all other metrics were set to zero. The resultant effective weights 
are shown in Table C-17. 

Table C-17. Updated weighting factors for the top five metrics. 

Metric Description 
Effective Weight (%) 

1 2 3 

D1.1.1 
Capability to demonstrate safety behaviour of 

commercial system 
19 17 29 

D1.3.1 
Technology selections that are 

prototypic/scalable to commercial unit 
— — 17 

D2.1.1 Project cost — 14 14 

D3.1.1 
Ability to address key licensing issues for 

commercial units 
23 24 23 

D4.1.1 
Demonstration of components expected in 

commercial units 
15 17 17 

D5.1.1 Use of fuel natural resources — 27 — 

D6.1.1 
Number of energy conversion systems or 

industrial applications 
22 — — 

D6.2.1 Coolant outlet temperature 22 — — 
 

C-1.2 Test Reactor Detailed Results 
The summarized raw score and standard deviation breakdowns are provided for each test reactor 

metric in Table C-18 for both test reactors (HTGR-TR) and (SFR-TR). The detailed scores of the 
assessment team members for the two designs are provided in Table C-19 and Table C-20. The results 
are also summed for a total score and converted to a percent of total possible score in the tables. 
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Table C-18. Mean and standard deviation raw scores per metric for the two test reactors. 

Metric 
Mean Values 1σ 

HTGR SFR-TR HTGR SFR-TR 

T1.1.1 1.0 9.0 0.0 0.0 

T1.1.2 5.0 9.0 0.0 0.0 

T1.1.3 9.0 6.8 0.0 2.1 

T1.1.4 9.0 9.0 0.0 0.0 

T1.1.5 6.5 9.0 3.2 0.0 

T1.2.1 9.0 9.0 0.0 0.0 

T1.2.2 6.1 9.0 3.6 0.0 

T1.2.3 9.0 9.0 0.0 0.0 

T2.1.1 4.6 5.0 1.2 0.0 

T2.1.2 4.6 4.6 1.2 1.2 

T2.2.1 5.0 5.0 0.0 0.0 

T2.3.1 5.0 7.9 0.0 1.9 

T3.1.1 9.0 9.0 0.0 0.0 

Total (%) 71 87 5.8 2.8 
 

Table C-19. HTGR-TR raw scores.  

Metric A B C D E F G H I J K Mean 1σ 

T1.1.1 1 1 1 1 1 1 1 1 1 1 1 1.0 0.0 
T1.1.2 5 5 5 5 5 5 5 5 5 5 5 5.0 0.0 
T1.1.3 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 
T1.1.4 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 
T1.1.5 5 9 5 9 5 9 1 9 9 9 1 6.5 3.2 
T1.2.1 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 
T1.2.2 1 9 5 9 9 9 1 5 9 9 1 6.1 3.6 
T1.2.3 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 
T2.1.1 5 5 1 5 5 5 5 5 5 5 5 4.6 1.2 
T2.1.2 5 5 5 5 1 5 5 5 5 5 5 4.6 1.2 
T2.2.1 5 5 5 5 5 5 5 5 5 5 5 5.0 0.0 
T2.3.1 5 5 5 5 5 5 5 5 5 5 5 5.0 0.0 
T3.1.1 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

Total  77 89 77 89 81 89 73 85 89 89 73 82.8 6.8 

%  65.8 76.1 65.8 76.1 69.2 76.1 62.4 72.6 76.1 76.1 62.4 70.8 5.8 
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Table C-20. SFR-TR raw scores. 

Metric A B C D E F G H I J K Mean 1σ 

T1.1.1 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.1.2 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.1.3 9 5 5 9 9 9 5 5 9 5 5 6.8 2.1 

T1.1.4 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.1.5 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.2.1 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.2.2 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T1.2.3 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

T2.1.1 5 5 5 5 5 5 5 5 5 5 5 5.0 0.0 

T2.1.2 5 5 5 5 1 5 5 5 5 5 5 4.6 1.2 

T2.2.1 5 5 5 5 5 5 5 5 5 5 5 5.0 0.0 

T2.3.1 9 5 5 9 9 9 9 5 9 9 9 7.9 1.9 

T3.1.1 9 9 9 9 9 9 9 9 9 9 9 9.0 0.0 

Total 105 97 97 105 101 105 101 97 105 101 101 101.4 3.3 

% 89.7 82.9 82.9 89.7 86.3 89.7 86.3 82.9 89.7 86.3 86.3 86.6 2.8 
 

C-1.2.1 Weighted Scores against Strategic Objective 4 
The effective contributions of the test reactor metrics and their relative importance ranking are 

indicated in Table C-21. 

Table C-21. Test reactor effective metric contributions. 

 
 

The mean weighted value and standard deviation of the individual assessment teams scores for each 
metric are provided in Table C-22 (HTGR-TR) and Table C-23 (SFR TR). The tables also contain the 
overall summed score across all metrics for each point design and the standard deviations. 

 
  

T1.1.1 Fast Flux conditions 16% 1
T1.1.2 Thermal Flux conditions 9% 5
T1.1.3 Irradiation volumes and length 11% 2
T1.1.4 Maximum sustainable time at power 5% 11
T1.1.5 Provisions for testing prototypic and bounding conditions 5% 11
T1.2.1 Number of test zones 10% 3
T1.2.2 Number and type of distinct and independent irradiation test loops 10% 3
T1.2.3 Ability to insert/retrieve irradiation specimen while staying at power 5% 10
T2.1.1 Project cost 6% 8
T2.1.2 Project Schedule 3% 13
T2.2.1 Annual operating costs 8% 7
T2.3.1 Availability factor 9% 6
T3.1.1 Number of secondary missions 5% 9

RankMetrics Effective weightDescription
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Table C-22. Detailed weighted scores per metric for the HTGR-TR. 

Metric A B C D E F G H I J K Mean 1σ 

T1.1.1 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 0.0 

T1.1.2 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 0.0 

T1.1.3 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 0.0 

T1.1.4 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 0.0 

T1.1.5 2.5 4.6 2.5 4.6 2.5 4.6 0.5 4.6 4.6 4.6 0.5 3.3 1.6 

T1.2.1 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 0.0 

T1.2.2 1.1 9.8 5.4 9.8 9.8 9.8 1.1 5.4 9.8 9.8 1.1 6.6 3.9 

T1.2.3 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 0.0 

T2.1.1 3.4 3.4 0.7 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.2 0.8 

T2.1.2 1.5 1.5 1.5 1.5 0.3 1.5 1.5 1.5 1.5 1.5 1.5 1.4 0.4 

T2.2.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 0.0 

T2.3.1 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 0.0 

T3.1.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0.0 

Total 60.0 70.7 61.6 70.7 67.5 70.7 57.9 66.3 70.7 70.7 57.9 65.9 5.5 
 

Table C-23. Detailed weighted scores per metric for SFR-TR. 

Metric A B C D E F G H I J K Mean 1σ 

T1.1.1 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 0.0 

T1.1.2 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 0.0 

T1.1.3 11.4 6.3 6.3 11.4 11.4 11.4 6.3 6.3 11.4 6.3 6.3 8.6 2.6 

T1.1.4 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 0.0 

T1.1.5 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 0.0 

T1.2.1 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 0.0 

T1.2.2 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 0.0 

T1.2.3 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 0.0 

T2.1.1 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 0.0 

T2.1.2 1.5 1.5 1.5 1.5 0.3 1.5 1.5 1.5 1.5 1.5 1.5 1.4 0.4 

T2.2.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 0.0 

T2.3.1 8.8 4.9 4.9 8.8 8.8 8.8 8.8 4.9 8.8 8.8 8.8 7.7 1.8 

T3.1.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0.0 

Total 92.8 83.8 83.8 92.8 91.6 92.8 87.7 83.8 92.8 87.7 87.7 88.9 3.9 
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Appendix D 
Gap Analysis of Test Reactor Capabilities 

for Advanced Reactor Testing 
D-1. Gap Analysis 

Nuclear reactor systems are envisioned to operate over a wide range of dose and temperature 
depending on the reactor design. For fuels and materials testing, the key metric is the radiation-induced 
displacement damage in terms of displacements-per-atom (dpa). The level of damage is a function of the 
material being tested, the damage cross section, the neutron energy spectrum and the time of irradiation. 
Figure D-1 shows the displacement dose/temperature operating windows for LWRs shown as 
Generation II–III, the different Gen-IV concepts, and fusion. LWRs operate at low temperature (300°C) 
and low dose (<5–50 dpa) [1]. VHTRs (and thermal-spectrum fluoride salt cooled high temperature 
systems not shown in the figure) also operate at low doses (<5–30 dpa) but high temperatures 
(600-1000°C). Fast neutron systems (such as the SFR, LFR, GFR, and fast-spectrum MSR) operate at 
much higher dose (50-200 dpa) and a range of temperatures (400–1000°C) depending on the design 
concept. (Shown in the figure is the Traveling Wave Reactor, which has expected damage levels of 
500 dpa.) These operating windows establish the basic testing needs for these systems. Although the 
state of development varies between the Gen-IV concepts, these advanced systems would benefit from a 
test reactor capability for irradiation testing and post-irradiation examination in hot cells to develop and 
qualify fuels and materials. 

 
Figure D-1. Temperature/displacement damage (dose) windows for fission and fusion concepts. 
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the fuel burnup rather than fast neutrons as would occur in the actual fast spectrum system, nor does it 
boost the fast neutron flux to levels prototypic of a fast reactor. While some have argued [9] that with 
modern modeling and simulation tools, one could extrapolate these results, it is non-prototypic and will 
most likely not be acceptable as an adequate demonstration in the regulatory arena. Thus, for these fast 
neutron reactor systems, there is a need for a high fast flux test reactor that can produce damage rates 
of 30 to 50 dpa/year to test and qualify fast reactor fuels and materials in a timely and near prototypic 
manner. A beneficial feature of a fast flux test capability is the flexibility to generate high flux thermal 
spectrum test zones through the use of local moderators. The inverse option (i.e., designing thermal 
spectrum test reactor with flexibility to allow localized fast spectrum tests) is much more difficult to 
achieve in practice, if even possible. 

By any metric of comparison, there is much less fast neutron than thermal neutron capability to 
qualify fuels and materials for advanced reactor systems. The domestic thermal material test reactors 
have severely limited fast neutron capability (most are high flux for a small volume), and fast neutron 
facilities with the appropriate infrastructure exist today only in Russia and India (see Table D-1). e 
However, concerns over political issues, transportation to and from the United States, and equivalencies 
of quality assurance programs make those facilities difficult to rely upon. Furthermore, there are needs for 
test loops with Gen-IV non-water coolants that can access fast neutrons to study for example corrosion 
control in lead systems and advanced fast reactor fuels under unique coolant conditions that do not 
perturb the driver core of the test reactor. 

Therefore, based on the above considerations, a water-cooled reactor cannot meet the needs to 
support research and development of advanced reactor designs because it is not possible to achieve 
sufficiently high fast neutron flux without thermal neutron contamination that is needed for the 
development of any fast spectrum system and to accelerate materials irradiations for both thermal and 
fast reactors. Further, while there is ongoing research needs to support LWR development, current and 
near-term international material test reactors and lead test assemblies in actual operating reactors can 
provide the necessary irradiation services and a future test reactor based on non-water coolants can 
support those irradiation needs. 

Independent of the design, to meet the diverse set of testing requirements from the U.S. nuclear 
industry, a new MTR will be a billion-dollar-level endeavor. Beyond construction costs, successful test 
reactors require an operating budget that allows for cost efficient testing to meet its customers’ needs and 
a maintenance budget to ensure the MTR’s availability. This entails having both resources and trained 
personnel that can execute the testing mission. MTRs in Europe (e.g., Halden and in some cases 
HFR Petten) use standardized test rigs with an array of advanced instrumentation for their irradiations 
that offer economic solutions for customers. (Development of specialized test rigs can take time and 
money that make development difficult from both a schedule and cost perspective.) They also have 
sufficient base funding to maintain a trained staff that know how to execute the experiments (which is 
different than the skill set used to operate the reactor). The new JHR is planning a similar operations 
funding strategy. The lack of such an approach in U.S. reactors, such as ATR, has driven the U.S. 
nuclear industry, and in some cases DOE, to fulfill their nuclear testing needs overseas, largely in Halden. 
                                                      
e. The Chinese test reactor (CEFR) although operational today has not been included because of the lack of local supporting 

infrastructure that prevents a robust fuels and materials testing program to be executed in that reactor. 
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The U.S. DOE should adopt the European operations funding approach for its existing MTRs and any 
new U.S. MTR if the U.S. is to remain globally competitive globally and attract domestic and international 
customers to the U.S. for their testing needs. 
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Appendix E 
NRC Power and Non-Power Reactor License 

Application Review Processes 
E-1. Two-Step Licensing Approach (10 CFR PART 50) 

New nuclear power plants (NPPs) can be licensed by structuring the license application in alignment 
with one of two existing structures. The first approach is the two-step process described in 10 CFR 
Part 50, which requires both a construction permit and a separate operating license. This is the licensing 
process that was used by the existing fleet of NPPs in the United States. 

E-2. Construction Permit 
For the two-step approach, after Nuclear Regulatory Commission (NRC) conducts a review and is 

satisfied with the safety of the preliminary NPP design and the suitability of the prospective site, NRC 
issues a construction permit that allows an applicant (e.g., utility) to begin building an NPP. Sometime 
during construction, the utility submits an application for an operating license, which NRC issues only if all 
safety and environmental requirements are met. 

The application for a construction permit must contain the following three types of information: 

• Preliminary safety analyses 

• An environmental review 

• Financial and anti-trust statements. 

If NRC determines that the construction permit application includes the required information, the 
agency publishes a notice of receipt in the Federal Register. NRC then reviews the application and 
documents its findings on site safety characteristics and emergency planning in a safety evaluation 
report. To encourage public participation in the licensing process, NRC schedules public meetings near 
the proposed site to familiarize the public with the safety and environmental aspects of the application, 
the planned location and type of plant, NRC’s licensing process, and the opportunities for public 
participation in the proceeding. In addition, NRC holds frequent public meetings with the applicant 
throughout the licensing process to discuss the NPP’s design and construction. 

NRC also conducts an environmental review, in accordance with National Environmental Policy Act 
(NEPA), to evaluate the potential environmental impacts and benefits of the proposed NPP. This includes 
impacts on air; water; animal life; vegetation; natural resources; and property of historic, archaeological, 
or architectural significance. Other items evaluated include economic, social, and cultural impacts. After 
completing this review, NRC issues a draft environmental impact statement for comment by the public, 
including appropriate federal, state, and local agencies. The agency then issues and makes public a final 
environmental impact statement, which addresses all the comments the agency received. NRC may 
authorize an applicant to do some work at a site before a construction permit is issued. This “limited work 
authorization” can only be granted after the Atomic Safety and Licensing Board (ASLB) has made all of 
the environmental findings required for a construction permit and determined that the proposed site is a 
suitable location for an NPP of the general size and type proposed. 
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Atmospheric diffusion efficiency is primarily a function of site wind speed, wind direction, and changes 
in air temperature with respect to height, which in turn affect atmospheric stability. The best way to 
calculate atmospheric dispersion is to use at least 1 year of actual onsite meteorological data; 
representative values gathered at locations other than the specific site can be initially used, but eventually 
values must be confirmed through onsite data collection. Analysis must account for site-specific 
characteristics like topography that could affect dispersion estimates. 

Representative site atmospheric dispersion values are used to calculate post-accident doses at the 
site exclusion area boundary (EAB) and within the facility local planning zone. This demonstration is used 
to meet the siting criteria established in 10 CFR Part 100, “Reactor Site Criteria” [6]. A site is acceptable if 
the EAB doses for the proposed reactor technology radiological source term meet the limits of 
§ 50.34(a)(1) [7]. 

F-5. Dose Limits 
There are a number of NRC criteria that explicitly constrain the risk and/or allowable consequences of 

radiological releases from nuclear power facilities. These criteria include requirements to evaluate the 
adequacy of the proposed design of the plant against specific limits. 

The dose limits for non-power Class 104(c) licensed test reactors are summarized below in 
Table F-1. 

Table F-1. Test reactors: occupational, public, and accident dose requirements. 
Test Reactors—Occupational, Public, and Accident Dose Requirements 

Occupational Dose Annual Limit 
10 CFR 20.1201 [8] 

a. Total Effective Dose Equivalent (TEDE) <5 rems, or 
b. Organ Dose <50 rem 

Public Dose Limits 
10 CFR 20.1301 [9] 

a. Annual TEDE ≤100 mrem 
b. Hourly External Dose ≤2 mrem 

Accident Dose Limits – Worker 
10 CFR 100.11 [1] 

a. Whole Body ≤25 rem, or 
b. Thyroid Dose <300 rem 

 
The dose limits for power Class 103 power reactors are summarized below in Table F-2. 

Table F-2. Power reactors: top-level regulatory requirements associated with dose. 
Power Reactors—Top Level Regulatory Requirements 

Normal 
Operations and 
Anticipated 
Operational 
Occurrences 

Dose Limits from Exposure to 
Plant Effluents: 
10 CFR 50, Appendix B [1] 

a. Whole Body Dose ≤5 mrem/yr 
b. Thyroid Dose ≤15 mrem/yr. 

Occupational Dose Annual 
Limit – 10 CFR 20.1201 [8] 

a. Total effective dose equivalent (TEDE) ≤5 rem 
b. Organ Dose ≤50 rem 

Public Dose Limits: 
10 CFR 20.1301 [9] 

a. Annual TEDE ≤100 mrem 
b. Hourly External Dose ≤2 mrem 

Public Dose Limits: 
40 CFR 190 Subpart B [10] 
Environmental (EPA) Std. [11] 

a. Whole Body ≤25 mrem 
b. Thyroid Dose ≤75 mrem 
c. Organ Dose ≤25 mrem 
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Table F-2. (continued). 
Power Reactors—Top Level Regulatory Requirements 

Design Basis 
Accidents 
(DBA) 

Offsite Dose Limits: 
10 CFR 50.34/52.47 [7] 

a. TEDE ≤25 rem for 2 hours at the EAB 
b. TEDE≤25 rem for 30 days at the low population 

zone boundary 
EPA Protective Action 
Guidelines (PAGs) for Public 
Sheltering & Evacuation 
(1992) [11] 

a. TEDE ≤1 rem at the EPZ boundary 
b. Dose ≤5 rem at the EPZ boundary 

Beyond Design 
Basis Events  

NRC Safety Goal Policy 
Statement (1986) [12] 

a. Risk to public of prompt fatalities should not 
exceed 0.1% of the sum of prompt fatality risks 
resulting from other accidents to which the 
public is generally exposed 

b. Risk to public of cancer fatalities should not 
exceed 0.1% of the sum of cancer fatality risks 
from all other causes 

 
F-6. Emergency Planning 

A nuclear facility emergency can involve release of radioactive materials to the environment at levels 
that impact the health and safety of surrounding public. Onsite and offsite emergency plans are required 
to ensure adequate protective measures are implemented to protect onsite workers and the public. 
Federal oversight of emergency planning is shared by NRC and the Federal Emergency Management 
Agency through a memorandum of understanding. However, with respect to issuing a plant license, 
decisional authority in emergency planning/preparedness resides with NRC. 

Regulations on nuclear facility emergency planning are specified in 10 CFR 50.47 and Appendix E to 
Part 50 for operating licenses and ESP applications with a “full and integrated emergency plan” and COL 
(10 CFR 52.17 for ESPs and 10 CFR 52.79 for COLs) [7,13]. Emergency planning considers three major 
areas: (1) risks and challenges in meeting regulatory requirements and guidance, (2) impediments to 
emergency plan development, and (3) overall public acceptance of a nuclear facility at the proposed site. 
Offsite emergency planning regulations focus on 16 planning standards that are to be met to assure 
adequate measures will be taken in the event of radiological emergency. 

Four of these standards are identified as “Risk Significant Planning Standards,” which must always be 
satisfied (i.e., timely and accurate classification of nuclear plant events, timely and accurate notification of 
offsite governmental authorities, timely and accurate development of public protective action 
recommendations for offsite authorities, and assessment of offsite consequences). Three of the planning 
standards are controlled by the applicant and/or reactor technology while the fourth (dealing with 
notification of offsite governmental authorities) is mostly influenced by supporting entities. 

In 2014, INL examined the potential cost benefits realized if a nuclear plant EPZ were reduced in size 
as a function of enhanced safety design [14]. Cost data from 20 operating commercial nuclear power 
plants were collected and analyzed to ascertain life-cycle costs when EPZ boundary distance was 
reduced from the current 10-mile requirement to 5 miles, 2 miles, and co-location at a site boundary. 
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Analysis was also performed concerning reduction in the nominal 50-mile ingestion pathway EPZ now 
required by NRC regulation. The study found start-up of a 10-mile offsite emergency planning program 
incurred a mean cost of $10 million and a mean annual operating and maintenance cost of $2.25 million. 
While reduction in EPZ size from 10 miles to 5 miles and again to 2 miles did provide some incremental 
cost reductions, reducing EPZ size to the site boundary was seen as most effective by reducing all offsite 
emergency planning costs by over 90%. Cost savings associated with ingestion pathway EPZ reductions 
were found to be negligible. 

F-7. Additional Siting Considerations 
F-7.1 Extreme Weather 

Nuclear plant safety parameters are not to be exceeded during plausible extreme weather conditions. 
Limiting extreme weather conditions regarding this concern are established using information on local 
probable maximum precipitation, maximum probable wind speed and severe wind events, tornadoes and 
waterspouts, thunderstorms, lightning and hail, freezing rain and ice storms, dust storms, 100-year return 
snowpack, weight of 48-hour probable maximum winter precipitation, maximum dry bulb temperature and 
ambient temperature, and their combination. NUREG-0800 Section 2.3.1 and 2.3.2, “Regional 
Climatology,” and “Local Meteorology,” respectively, provide meteorological parameter acceptance 
criteria [1]. Onsite data collection systems are discussed in RG 1.23, “Meteorological Monitoring 
Programs for Nuclear Power Plants,” and generally require at least 1 year (preferably 2 or more years) of 
data collection to be useful [15]. 

F-7.2 Area Population Impacts 
An application must assess area population density and population center impacts. NRC will review 

this information according to Section 2.1.3, “Population Distribution,” of NUREG-0800 [1]. With respect to 
LWR technology, reviewers will consider the nearest boundary of a population center containing 
25,000 or more residents to determine if that boundary is at least one and one-third times the distance 
from the reactor to the outer boundary of the plant low population zone. This particular requirement must 
be considered carefully during siting as the issue is difficult to mitigate and underlying analysis 
presumptions may not properly reflect a non-LWR technology risk profile. 

F-7.3 Societal Effects 
Public acceptance is a major siting consideration for NRC staff. Environmental justice issues are also 

examined on the basis of identifying disproportionate impacts to low income and minority populations as 
defined by Nuclear Regulatory Research Office Instruction No. LIC-203, “Procedural Guidance for 
Preparing Environmental Assessments Considering Environmental Issues,” Appendix D [16]. The 
proximity of a site and associated transmission and transportation corridors to low income and minority 
populations may indicate the presence of an environmental justice concern which is often difficult to 
mitigate and complicates licensing evaluations. If significant societal impacts or impacts to local 
infrastructure are found, NRC will look for coordination between the applicant and impacted parties for 
resolution. 
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F-7.4 Ecological Impacts 
Biotic impact evaluations cover many factors that affect local faunal or floral communities. Applicable 

federal regulations include 10 CFR 51.10, which requires NRC compliance with NEPA and the 
Endangered Species Act [17]. Temporal and spatial impacts, both temporary and permanent, will be 
evaluated as will losses of upland or wetland habitat and adverse impacts to protected species and/or 
associated habitat. An application requiring cooling water and water intake/outflow structures must 
consider how faunal communities will be altered due to entrainment and impingement, temperature 
shock, changes in flow regime, removal or alteration of habitat, or changes in behavior related to heated 
effluents, which affect migration or spawning. 

F-7.5 Land Use for Transmission Corridors and Transportation 
Routes 

A land use analysis must be conducted on associated transmission corridors, transportation routes, 
and potential land use mitigations. This includes the public’s aesthetic experience with sensitive areas or 
view sheds, conflicts with existing or planned public land use objectives (e.g., local recreational use, 
mineral resource extraction, national parks, or Indian tribal lands and reservations), and disruption of land 
dedicated to unique agricultural markets and prime farmland. NRC RG 4.7, “General Site Suitability for 
Nuclear Power Stations,” states that any conflict between governing land use plans and a proposed 
nuclear plant should be reviewed and resolved through consultation [18]. 

F-7.6 Historic/Archeological/Cultural Resources 
A historic property is any prehistoric or historic district, site, building, structure, or object included in, 

or eligible for inclusion in, the National Register of Historic Places as maintained by the Secretary of the 
Interior (36 CFR 63) [19]. This includes artifacts, records, and remains related to and located within such 
properties and includes properties of traditional religious and cultural importance to Native Americans that 
meet the National Register Criteria listed in 36 CFR 60.4 [20]. 

Historic properties typically include prehistoric archaeological sites, historic archaeological sites, 
aboveground historic sites manifested by a standing structure (usually more than 50-years old), and 
traditional cultural properties. Methods related to discovery and analysis of historic properties are well 
developed and done in conjunction with policies and guidelines that accompany the major federal 
decisions required by NEPA. 

F-7.7 Land Availability to Support Safe Operations 
Site selection must consider land area availability and a plant buffer zone. It must also consider 

switchyards, transmission facilities, and costs of acquiring land. Applicable federal regulations include 
10 CFR 100.21 and 10 CFR100.3, which require every nuclear plant site to have an exclusion area 
(EA) [1]. EA is defined as the area surrounding the reactor where the licensee has authority to determine 
all activities and exclude or remove personnel and property from the area. Specific requirements relative 
to the EA are given in 10 CFR 50.34(a)(1)(ii)(D) [7]. 

The EA size is based on nuclear plant radiological release criteria analyzed as a function of 
atmospheric dispersion. Applicants must ensure adequate land area at the site so that an EA can be 
established that satisfies 10 CFR 100 requirements [2]. While the EA may be traversed by a highway, 
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railroad, or waterway, these routes must not interfere with plant operations or effective emergency 
control. Activities unrelated to reactor operation may be permitted in an EA provided no significant 
hazards result. 

The site must also assure sufficient area to permit adequate security standoff distances. This area will 
normally prohibit public access and provide sufficient space for vital structures or equipment to satisfy 
security measures stated in 10 CFR 73.55 (e.g., protected area barriers, detection equipment, isolation 
zones, and vehicle barriers) [20]. Additional design features or other requirements may be necessary if 
required standoff distances cannot be satisfied through site layout and boundaries. 

F-8. Plant Constructability 
Site construction feasibility depends heavily on two issues: (1) the ability to deliver construction 

equipment and major facility components to the location, and (2) the ability to deliver plant outputs to a 
customer (i.e., electricity to the transmission line grid, process heat and/or steam, etc.). NRC will also 
consider factors such as availability of a skilled and qualified work force, issues associated with the plant 
footprint, construction laydown areas, and construction material availability (especially concrete that may 
be used in great quantities). 

Large reactor components are typically delivered either by rail or barge. If distances are great, land 
acquisition and state approvals may create difficulties in new rail spur installation. Recent proposals in 
small modular reactor concepts envision over-the-road truck delivery for all components. However, absent 
such a design option, the ability to access an in-service rail line is likely a nominal siting requirement. 

A nuclear facility connected to the electrical grid may face obstacles in establishing reliable 
connections in remote regions due to distance from load centers, land procurement, and Federal Energy 
Regulatory Commission (FERC) approval for new transmission lines. The FERC transmission reliability 
mission intertwines with NRC’s mission for public safety at nuclear power generation stations. One 
confirmed risk to bulk power system reliability is the sudden shutdown of a large nuclear plant supplying 
power to the grid. Conversely, the loss of offsite power caused by grid failure is a major concern to safe 
operation in most nuclear plant designs. 

Because of tight specifications concerning offsite power, certain nuclear safety activities may require 
plant operators to know the status of and contingencies that affect reliability of offsite power. Plant risks 
and grid instability are interrelated in that tripping a nuclear power plant can cause grid instability and grid 
instability can result in tripping a plant. When evaluating how the grid affects a nuclear power plant, most 
studies focus on loss-of-offsite-power (LOOP) events where all offsite power lines into the plant are 
temporarily de-energized. A LOOP event typically results in an automatic scram of a nuclear plant and 
actuation of safety systems; a process that presents a measurable risk to nuclear safety. Reducing the 
number of LOOP events in-turn reduces challenge to nuclear plant safety systems and lessens overall 
plant risk. Electrical trips also are a nuclear safety concern because transients are a large contributor to 
core melt risk; increasing the number of nuclear power plant trips increases the risk of core melt at LWRs 
and may contribute similar risks to some advanced reactor designs. 
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FERC has issued standards for offsite power coordination that cover the nuclear power plant and the 
transmission system so that involved entities are made aware of, plan for, and operate in accordance with 
the needs of the nuclear plant and customers. Interface agreements must be developed between the 
nuclear power plant and transmission operators to ensure post-trip voltages are adequate to maintain 
NRC licensing requirements. 
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